Objective The activity of systemic lupus erythematosus (SLE) has been reported to decrease in patients who have developed end-stage renal disease (ESRD). However, extrarenal symptomsattributable to the disease activity are noted, especially during the first year of dialysis. Westudied the clinical course and evaluate the disease activity of SLEin patients with ESRDon hemodialysis for more than 6 months. Subject and Methods Fourteen patients with SLEwho had been initiated on maintenance dialysis at our center between 1982 and 1999 were examined retrospectively.
Introduction
Progression of lupus nephritis to end-stage renal disease (ESRD)is a serious complication of systemic lupus erythematosus (SLE). Lupus nephritis occurs in 50% to 80% of SLE patients (1) and has a strong impact on the prognosis; the high morbidity and mortality of patients with SLE are associated with the severity of lupus nephritis (2) (3) (4) . About 20%of patients progressing to ESRDrequire maintenance dialysis or renal transplantation within ten years (2, 5) . The activity of SLE after the development of ESRDhas been reported by several groups (3) (4) (5) (6) (7) (8) (9) . According to many reports, the activity of SLEafter the development of ESRDtends to decline as reflected by the clinical and serological features. Cheigh et al (4) reported that lupus activity was clinically apparent in 55.4% of patients with ESRDduring the first year and in 6.5% during the fifth year. It was believed that the disease became inactive within ten years of the development of ESRD. This so-called "burn-out" phenomenon was first described by Fries et al (6) However, SLE flare during dialysis is also not rare. Some investigators reported that several risk factors could predict the persistence of activity of SLE (4, 5, 7) . In the present report, we describe the results of a retrospective study performed to evaluate clinically and serologically the activity of SLEin patients with ESRDon maintenance hemodialysis therapy.
Patients and Methods
Between 1982 and 1999, we treated 14 patients with ESRD secondary to lupus nephritis by hemodialysis for more than 6 months at the Kidney center of Tokyo Women's Medical University. Patients who were dialyzed for less than 6 months because of recovery of renal function or patient death were excluded from this study. The records of the 14 patients were retrospectively reviewed for data on the clinical and laboratory markers of disease activity while under hemodialysis for ESRD. Clinical flares were defined as organ symptomsassociated with serological changes such as decrease in serum complement level or increase in anti-double stranded DNA(dsDNA). Organ Lupus Activity in End-stage Renal Disease symptoms included rash, discoid lupus, photosensitivity, oral ulcers, polyarthritis, serositis, seizures, and fever not caused by infection. Multiple organ system involvements noted at the same time were counted as a single episode of flare. The serological tests for lupus activity, including antinuclear antibody (ANA), anti-dsDNA, serum total complement (CH50), serum complement 3 (C3) and serum complement 4 (C4), had been studied routinely, or more frequently when clinically indicated. SLE flares were treated mainly by the increase of corticosteroids sometimeswith the other immunosuppressants, such as cyclophosphamide or azathioprine.
Patients were divided into two groups according to whether or not they developed a SLE flare. Group 1 consisted of patients exhibiting a flare after the initiation of hemodialysis, and group 2, those who did not develop any flare. The demography, organ system involvement, serological profiles and immunosuppressivetreatment werecomparedbetweenthe two groups. Values are presented as means ± standard deviation. Statistical analysis of dependency was performed by Student's Mest and the chi-square test. Differences were considered significant when the corresponding p values were <0.05.
Results
The demographic data of the study subjects are shown in Table 1 . All 14 patients were female; ll patients had undergone renal biopsy, of which 10 showed diffuse proliferative lupus nephritis (WHOclass IV) and 1 showed membranous lupus nephritis (WHOclass V) [data not shown]. Five patients (36%) exhibited a SLE flare after the initiation of maintenance dialysis. The meanage at the diagnosis of SLEand at the initiation of dialysis were almost the samebetween the two groups. The interval between the diagnosis and the initiation of dialysis was 112.2+60.3 months (range 7 to 160) in group 1 and 199.9±101.5 months (range 42 to 368) in group 2. Despite the wide difference of meanvalues between the two groups, the differences did not reach statistical significance. Twopatients had died: one from group 1 died of myocardial infarction and the other from group 2, of cerebral hemorrhage. Kidney transplantation was performed in 1 patient from group 2, who had been maintained by hemodialysis for 12 months. The serological activity at the initiation of dialysis in these subject is shown in Table 1 . In group 1, the mean serum complement levels were slightly lower than those in group 2. The serum C3 level at the initiation of dialysis decreased slightly in both groups. In group 1, the serum C3 level continued to be low at one year after the initiation of dialysis. Other serological data showed no significant differences between the two groups. There were 6 flares in 5 patients. The interval between the initiation of dialysis and the diagnosis of SLEflare, organ system involvement, and serological abnormalities are described in Table 2 . Polyarthritis was the most frequent symptom, observed in 4 patients. Serositis was noted in 1 patient and malar rash in 1 patient. All patients showeda decrease in serum complementlevels, especially in total complement level. The ANAtiter was elevated in 4 cases and dsDNAlevel in 2 cases. The interval between the initiation of dialysis and the diagnosis of SLE flare varied widely (3 to 98 months). Two of 6 flares were diagnosed in the first year of dialysis. In the present study, there was no tendency for SLE flare to occur during the first year after the initiation of dialysis. Immunosuppressive therapy was administered in all 6 cases when the disease became active. The dose of corticosteroids at the initiation of dialysis was almost the same. Total dose of steroids for one year from the initiation of dialysis also had no wide difference. Cyclophosphamide was administered in 1 patient in group 1. Steroid pulse therapy at the initiation of dialysis was carried out for two patients in group 1 and one patient in group 2. Thus, almost the same 
Discussion
Previous reports demonstrated that the activity of SLEdecreased after the initiation of chronic dialysis in patients with ESRDdespite the reductions in immunosuppressive therapy (6) . In 1984, Pahl et al (7) reported that the disease activity of SLE persisted in six of 1 1 patients after the initiation of dialysis. Several investigators also reported that the disease activity persisted in some SLE patients at least during the first year of dialysis (3, 4, 7, 8) . However, many clinicians believe that SLE becomesless active or burns out after the development of ESRD. On the other hand, it is still uncertain whether the "burn-out" phenomenon is dependent on the uremic state or on treatment by dialysis. Moreover, the lupus activity may reflect the natural disease course of SLE, which seems to show a gradual wane (8-1 1). Investigation of the lupus activity is fraught with difficulties, especially in patients with uremia. It is difficult to determine what should be considered as SLEactivity and what is related to renal failure or dialysis. Despite our best effort in clinical judgement, the definition of flare is inevitably arbitrary. There are over 60 systems for defining and evaluating the disease activity of SLE. The British Isles Lupus Assessment Group (BILAG) scale, the University of Toronto SLE Disease Activity Index (SLE-DAI), and Systemic Lupus Activity Measure (SLAM) have been shown to demonstrate the best inter-visit and inter-rater reliability ( 12) . Nevertheless, the scales are not always suitable for retrospective studies. For example, SLAMconsists of 24 clinical items and 7 laboratory items and SLE-DAI, 24 clinical items and 7 laboratory items. Because too manyparameters were required, wecould not apply these scales for the judgement of the disease activity of SLE. Szeto et al (5) thought SLE was active, when the patient complained of one or more clinical symptomswith changes of immunological parameters. In this context, we defined disease activity as being high when the patients complained of symptoms of organ involvement associated with changes in immunological parameters. These data are thought to be objective measures of the disease activity. There are problems that often result in overestimation of the disease activity of SLE, but the extent of misjudgment of the activity can be decreased by the use of immunological data.
In our study, we found that five of 14 patients developed clinical features of active lupus. In 2 patients, the SLE flare occurred in the first year of dialysis, and one patient exhibited SLEflare at 98 months after the initiation of dialysis, although hemodialysis was initiated only 7 months after the diagnosis of SLE. Lupus activity, therefore, can remain persistent even after the patient progresses to ESRD.Younger patients are reported to more frequently have persistent activity of SLE after the initiation of dialysis (5). However, we found no statistically significant relationship between the age at diagnosis of SLE and the persistence of disease activity. The racial and socioeconomic differences were precisely examined in some studies (13) (14) (15) (16) (17) ; in the present study, since we selected only Japanese patients as the subjects of our investigation, we paid little attention to these factors. One patient (case 3 in Table 2 ) refused to take high dose of oral steroids and we had to therefore taper the drug dose rapidly. Death of patients under dialysis for over 6 monthswasin most cases caused by infection or cardiovascular disease rather than by active lupus (8, 9) . With the improvement in immunosuppressive therapy regimens, death caused by infection has become less frequent. In the present study, it was not necessary to showmuchconcern for infection.
The serological data did not show muchcorrelation with the prognosis of SLE. At the initiation of dialysis, both groups showed a slightly low level of serum C3. It may mean that SLE activity is not always diminished in the patient at the stage of ESRD.One year after the initiation of dialysis, the serum C3 levels were significantly lower in group 1 than in group 2. It is difficult to explain the time-course difference between two groups from viewpoint of epidemiology. In two cases of group 1, the follow-up period after the initiation of dialysis is about 1 year. So we evaluated the serological difference between the two groups at 1 year after the initiation of dialysis. We did not find a significant difference of age at the initiation or the duration of SLE before dialysis and the serological data at the initiation of dialysis. Five of 14 cases experienced the increase of SLEactivity, were always accompanied with the decrease of complement levels. Wethink that the misjudgement of the disease activity happens less frequently with use of immunological data. These findings suggest that the disease activity of SLE does not always diminish after the initiation of dialysis. The serum ANAtiters were markedly and persistently elevated in 2 patients. However, we consider that the serum ANAtiters show lower specificity for the disease activity than serum complement level, because some patients without SLEflare also had mild but persistent elevation of the serum ANAtiter. Polyarthritis was the most frequent manifestation, but it is in general a typical complaint among patients under maintenance dialysis. In the present study, wetook it as a symptomof SLEwhen it was also associated with a serological abnormality. Fever was also a frequent manifestation observed. It may be dangerous to think that only one clinical symptomsuch as polyarthritis or fever reflects the disease activity. But the combination of clinical findings and laboratory data can increase the reliability of judgement of the disease activity. Immunosuppressive therapy was continued in five of the 6 cases in whomSLEbecame active. In all cases, the dose of corticosteroids was increased when the disease became active. The manifestation of organ system involvement and the serological data improved with therapy. The majority of studies supported the tendency toward decreased clinical and serological lupus activity following ESRD. The need for immunosuppression or high dose prednisone was decreased in this stage. This phenomenonis called "burn out". There are somepossibilities to explain this phenomenon. These include depressed cellular and humoral immunity in ESRD (6) (7) (8) , removal of lupus factors by dialysis (7, 9) , or a natural outcome in SLEdiscernable only by prolongation of life past ESRD (4, 7). Recently, there are some reports that SLEactivity is prolonged in ESRD.Nossent et al (1) were the first to call attention to the disease activity of SLEafter ESRD.They concluded that the disease activity diminished during dialysis but not abolished. Szeto et al (5) reported that nine out of 18 patients had active lupus in their first year of dialysis, and four of them remained active during the second year. Krane et al (13) showed that SLEdid not always burn out in patients who reached ESRD.They also suggested that the difference in relapse had an association with the patient populations. As the treatment for ESRDprogressed, the mortality of the patient with both the persisted activity of SLE and ESRDwas decreased. It may contribute to the increase of SLErelapse during dialysis.
In conclusion, we found that the disease activity of SLE does not always diminish in patients whoshow progression to ESRD.Postdialysis flare of SLEcan occur even after one year of the initiation of dialysis. Polyarthritis was the most frequent organ system manifestation. There was no good indicator predictive of SLE flare among the demographic and serological features. With improvement in SLE therapy, death caused by postdialysis flare or by immunosuppression, has becomerare.
Onthe other hand, the numberof deaths related to long-term dialysis has increased in lupus patients. It is recommendedthat SLE patients on dialysis are followed up carefully by clinical and serological monitoring.
